This study empirically identifies the impact of global-warming-induced climate change on Japan's agricultural production using panel data. First, we constructed panel data; combining time-series data from 1995 to 2006 for a cross-section of eight regions in Japan. Next, we conducted a static panel data analysis, using a function for agricultural products incorporating labor and three weather variables (temperature, solar radiation, and precipitation.) From the estimation results of the production function, we selected the production function with the aforementioned labor and weather variables and found that the rising temperatures and precipitation and falling solar radiation caused by climate change have reduced the rice production, while rising temperatures and precipitation have reduced the vegetable and potato production in Japan. Second, we conducted dynamic panel data analysis, using a production function for agricultural products incorporating labor, a one-period lagged output, and the same three weather variables. Based on the estimation results of the dynamic panel data model, we selected the production function for agricultural products using only the labor and three weather variables and found the same results for both the rice production and vegetable and potato production in Japan. Based on the estimated results of the static and dynamic-panel data models for variable mean annual temperature, which serves as a proxy for climate change, we concluded that an increase of 1°C in mean annual temperature would reduce rice production by 5.8% in the short term and 3.9% in the long term, and vegetables and potatoes productions by 5.0% and 8.6% in the short term and long term, respectively.
Introduction
Scholars began debating the problem of global warming in the 1980s. In 1988, governments set up the "Intergovernmental Panel on Climate Change" as a forum to study global warming and as measures to reduce greenhouse-gas emissions, a major cause of global warming. While production in the manufacturing, electric power, and transportation sectors generate approximately 90% of greenhouse-gas emissions, the industries worst affected by globalwarming-induced climate change are agriculture, forestry, and fisheries (Tokunaga et al. 2008) . Considering changes in mean global temperatures over a century, we observe that the Earth has warmed by 0.7°C, since around 1900, while over the past 30 years, global temperatures have risen rapidly and continuously at a rate of approximately 0.2°C per decade, as shown in Figure 3 of Stern (2007) . Consequently of these climatic and environmental changes, since the 1990s, extreme weather events, such as floods and droughts, have had a serious impact on global agricultural and food production. Most scholars attribute these unusual weather phenomena to global warming (Stern 2007) .
The present study estimates the extent to which climate change is affecting Japan's agricultural production by introducing weather variables into the production function and using these parameters to identify the effects of climate change on agricultural production, explaining which will require long-term data. However, this study mitigated the issue by constructing panel data comprising time-series data as well as data from eight regions in Japan having demonstrated regional differences in both agricultural production and climate. Using this panel data, we identify the effects of climate change on agricultural production through panel data analysis, a method of measurement that considers regional characteristics.
This paper proceeds as follows: Section 2 explains how we compiled the panel data and outlines the agriculturalproduction and climate-change trends. Based on these findings, Section 3 presents the panel data analysis and its estimated results. Finally, Section 4 concludes and discusses topics for future study.
Trends in Climate Change and Agricultural Production
We first explain how the panel data was compiled. The regional divisions comprised nine regions used in various statistics by the Ministry of Agriculture, Forestry and Fisheries: Hokkaido, Tohoku, Hokuriku, Kanto-Tosan, Tokai, Kinki, Chugoku, Shikoku, and Kyushu (excluding Okinawa). The two agricultural product categories selected to investigate the extent to which climate change is affecting agricultural production in Japan were (1) rice and (2) vegetables and potatoes and crop yield data was compiled from 1995 to 2006 (Okiyama et al. 2013 ). We specifically aggregated and calculated the yield of nine varieties of vegetables and tuber/root crops, including white radishes, potatoes, carrots, Chinese cabbage, Japanese cabbage, green onions, cucumbers, eggplants, and tomatoes. Figure 1a depicts the variation in total rice production; reflecting phenomena such as the national crop failure of 1993 and regional crop failures of 2003 and 2006, both of which appear attributable to abnormal weather patterns at national and regional levels. As shown in Figure 1b , variation in the total production of vegetables and potatoes included a temporary decline in certain years and in specific regions, although not to the same extent as that of rice crops. Next, the "Report of the Statistical Survey on Farm Management and Economy" and the "Census of Agriculture and Forestry" were used as sources for data on labor as an explanatory variable. From the former source, we collected data on man hours expended per single farming household 1 , whereas the latter source determined the number of these households, as required to calculate the total man hours.
Finally, we explain the weather variables. For meteorological data, figures from 1990 to 2006 were provided by AMeDAS 2 . The data was cross-sectioned by municipality and monthly figures for temperature, solar radiation, and precipitation, and arranged in two series: annual averages and fixed interval averages. Figure 2 depicts the variation 1 A single farming household earns money from major farm products, which accounts for more than 80% of its sum total of cash receipts. 2 We were using prefectural data processed by Dr. Nishimori, who belongs to the National Institute for Agro-Environment Sciences, according to specific observatory data of AMeDAS. We are grateful to him for his cooperation. 
Panel Data Analysis

Static Panel Data Model
First, before we specify the production function of this paper, we will review previous studies. The purpose of measuring the production function of rice in Japan was to clarify how the structure, efficiency, and productivity of Japanese agriculture have changed. Accordingly, the production function has mainly been used to estimate the riceproduction function. Previous studies include Egaitsu and Shigeno (1983) , Fukuchi and Tokunaga (1983) , Nakashima (1989) , Kondo (1991), and Takahashi (1991) . In addition, there are studies on the measurement of the profit function (Kuroda 1979 , Kako 1984 , Godo 1991 ) and the cost function (Kusakari 1985 , Kuroda 1988 as the dual productionfunction problem. Further, to quantitatively investigate the effect of programs set aside and the recent transfer of agricultural land to deal with the structural problem of agriculture in Japan, Sakamoto and Kusakari (2009) and Saito and Ohashi (2008) tried to estimate the rice-production function.
The estimated equations for the production functions presented in these studies have a common pattern: the rice yield is determined mainly by the three factors of land, labor, and capital. According to Egaitsu and Shigeno (1983) , rice-production technology can be classified into mechanical (M) technology and biochemical (BC) technology; both of which complement each other. They have also pointed out that the BC function comprising BC technology with constant returns to scale to substitute completely for the land and fertilizer, and M functions comprising M technology with an increasing return to substitute completely for capital and labor. The BC function has also assumed homogeneous of degree one. For example, Takahashi (1991) used the Cobb-Douglas production function and cross-sectional data of each prefecture by scale in the Hokuriku region (the same method as Egaitsu and Shigeno (1983) ) to estimate the M function comprising M technology, and the BC functions comprising BC technology, respectively. According to the estimation results, the parameter of land in the BC function is 0.999, i.e. approximately 1.0. Conversely, the capital and labor parameters in the M function are 0.9063 and 0.2666, respectively. In addition, Saito and Ohashi (2008) estimated the Cobb-Douglas, StoneGeary type, CES type, and translog production functions, using panel data of the prefecture. According to the results of each function form, the land parameters (acreage) are measured within the range 0.79-0.99. In particular, the land parameter by the Cobb-Douglas function is 0.995. According to Sakamoto and Kusakari (2009) , the land parameter (acreage), as estimated by the set aside rate and management land area, is also 0.7074 and significant when using the translog production function.
In this paper, we tried to estimate the Cobb-Douglas production function (1) for rice production with explanatory variables of three production factors, using panel data of 120 samples from eight regions, except Hokkaido, from 1995 to 2009.
( 1) where Q it represents the production of region i in year t and S it , K it , and L it represent the land, capital, and labor expended in region i in year t, respectively. The estimated results are shown in Table 1 and we found multicollinearity between the three explanatory variables such as land, labor and private capital. Consequently, we cannot adopt these variables simultaneously and must adopt one variable only. The two variables of capital and labor are insignificant in specification A-1; only the variable land is significant. The land parameter obtained by the fixed-effects model, which is selected by the Hausman test, Notes: The unit is °C. These data are provided by the AMeDAS.
Fig. 2. Mean annual temperature by region
is 0.9489 in specification A-2. On the other hand, when the Cobb-Douglas production function was estimated with capital and labor variables, except land, the variable of capital is insignificant in specification A-3 and the variable of labor is significant in specification A-4. 4 When adding the weather variables to the production function with land, the results are insignificant. Accordingly, we would like to adopt the production function with the labor and weather variables to measure the impact of climate change in equation (2).
Next, we will explain the weather variables added to the production function with labor. Previous studies have analyzed the impact of climate change on rice yield (Nishimori & Yokozawa 2001 , Kawatsu et al. 2007 , Shimono 2008 , Yokozawa et al. 2009 ). Many of these studies have simulated the potential of rice growth, using data of the average daily minimum temperature during the riceheading season, the minimum and maximum daily temperatures, and the total daily solar radiation to evaluate the impact of global warming on rice-yield fluctuations. We will adopt the mean annual temperature rather than the temperature measured over that period because a future temperature increase is predicted by year, and we deal with vegetable and potato produce, which is grown all year round, as well as rice.
A static panel data analysis, using time-series data from 1995 to 2006 and a cross-section of the eight regions, except Hokkaido, was conducted to determine the impact of climate change on agricultural production. 5 When estimating this production function with labor and weather as explanatory variables, we used the least squares dummy variable (LSDV) as the estimation method. 6 For weather variables, we adopted the variables of "mean solar radiation from April to October" and "average precipitation from August to October" as well as "mean annual temperature," which directly indicates global-warming-induced climate change. Cross-sectional data on rice-harvest estimates were used from eight regions, excluding Hokkaido, and from seven regions, excluding Hokkaido and Hokuriku, to estimate vegetable and potato production.
In this subsection, we estimate the static panel data model for the production function, using the panel data of production and vegetable and potato production (as dependent variables), with the total man hours of farmers producing these products and the weather (as explanatory variables). Table 2 provides detailed descriptions of the explanatory variables used in the model.
We adopt the production function of equation (2).
where Q it represents the production of region i in year t, L it 3 The main reason for excluding Hokkaido is that it differs from other regions in Japan in terms of productivity and the ratio of inputs on capital and labor. 4 From Table 1 , we cannot judge whether the fixed-effects or random-effects model is preferable because they fail to meet the asymptotic assumption of the Hausman test. However, it is pointed out that the fixed-effects model should be selected because it has at least maintained consistency. 5 The years of abnormal weather in 1998 and 2004 are included in the time-series data. 6 See Greene (2011 represents the total labor expended in region i in year t, tema it represents the mean annual temperature of region i in year t, suns it represents the mean solar radiation from April to October in region i in year t, and rains it represents the mean precipitation from August to October in region i in year t. Accordingly, when equation (2) is estimated with significance, we can measure the impact of climate change on crop yields in that, if the mean annual temperature (tema) rises by 1%, the yield of the relevant agricultural products (Q t ) changes by only δ 1 % (output elasticity with respect to temperature). Table 3 reports the estimation results of the rice-production function. In specifications from S-A.1 to S-A.6, the coefficients of labor input are positive and statistically significant, while output elasticity with respect to labor is almost 0.29. In contrast, the coefficients of mean annual temperature (tema) are negative and statistically significant in specifications S-A.1, S-A.4, S-A.5, and S-A.6. Each output elasticity with respect to temperature is between −0.39 and −0.82. The higher magnitude of this elasticity in S-A.1 is −0.82, so when the average temperature rises by 1% in a year, the rice production decreases to approximately 0.82%. These measurement results are not necessarily consistent with those of previous studies, as described above 7 . For example Yokozawa et al. (2009) estimated that the average national rice yield was expected to increase slightly or remain constant until the temperature rose by 3°C, during the warm season from April to October, and if the rise were to exceed 3°C, the rice yield might decline in regions, except for Hokkaido and Tohoku (p. 204). The estimation results of their paper are derived from the relationship between rice production and temperature trend during the warm season in the past in each respective region, divided into the four regions of Japan. However, we used panel data from an area from Tohoku to Kyushu, where differences for two regions in mean annual temperature and in the warm season, namely April to October, reached 5.1 and 4.3°C, respectively. When viewed from this perspective, we estimated the equation with the panel data, including samples with a temperature difference exceeding 3°C as highlighted by Yokozawa et al. (2009) . Therefore, our results match those of their paper.
The coefficients of solar radiation (from April to October, suns) are positive and statistically significant for S-A.2, S-A.4, and S-A.6 specifications, while each output elasticity with respect to solar radiation is between 0.56 and 0.64. The higher magnitude of this elasticity in S-A.2 is 0.64, so when the average solar radiation (from April to October) increases by 1% in a year, the rice production increases to approximately 0.64%. The coefficients of precipitation (from August to October, rains) are negative and statistically significant in specifications S-A.3, S-A.5, and S-A.6, while each output elasticity with respect to precipitation is between −0.05 and −0.08. The higher magnitude of this elasticity in S-A.3 is −0.08, so when the average precipitation rises by 1% from August to October, the rice production decreases to approximately 0.08%. Table 4 reports that for vegetables and potatoes, only the labor parameter is statistically significant. In specifications from S-B.1 to S-B.6, the coefficients of labor input are positive and statistically significant and output elasticity with respect to labor is approximately 0.59. In contrast, the coefficients of mean annual temperature (tema) are negative and statistically significant for S-B.1, S-B.4, S-B.5, and S-B.6 specifications. Each output elasticity with respect to temperature is between −0.66 and −0.70. Since the higher magnitude of this elasticity in S-B.1 is −0.70, when the average temperature rises by 1% in a year, the production of vegetables and potatoes decreases to approximately 0.70%. The coefficients of mean annual solar radiation (suna) are not statistically significant in specifications S-B.2, S-B.4, and S-B.6, whereas those of mean annual precipitation 7 Shimono (2008) pointed out that the trend of the recent temperature increase in spring might increase the risk of cold damage to rice in the northern part of Japan. In addition, Kawatsu et al. (2007) estimated that a 1°C increase in the average daily minimum temperature between 10 and 30 days after the rice-heading period reduced the ratio of first-class rice by 3.57% and that a 1 Mj increase in the average daily solar radiation increased the ratio by 2.59%. (raina) are statistically significant in specification S-B.3.
Dynamic Panel Data Model
Based on the results of our static panel data model, we conducted a dynamic panel data analysis to examine the impact of long-term climate change on agricultural production in Japan. In this subsection, we add the lagged output variable as an explanatory variable to estimate a dynamic production model of equation (3).
where Q it-1 represents the production of region i in year t-1. When equation (3) is estimated with significance, we can measure the degree of impact of long-term climate change on agricultural product yields. Table 5 reports the estimation results of the rice production function. In specifications from D-A.1 to D-A.6, the coefficients of labor input and lagged output variables are both positive and statistically significant. However, the coefficients of mean annual temperature (tema) are negative and statistically significant only in specification D-A.1. The output elasticity with respect to temperature is −0.44, while the coefficients of solar radiation (from April to October, suns) are positive and statistically significant in specifications D-A.2, D-A.4, and D-A.6. The output elasticity with respect to solar radiation is between 0.74 and 0.76, while the coefficients of precipitation (from August to October, rains) are negative and statistically significant only in specification D-A.3. The output elasticity with respect to precipitation is −0.05. Table 6 reports that for vegetables and potatoes, only the labor parameter had statistical significance. In specifications D-B.1 to D-B.6, the coefficients of labor input and the lagged output variable are positive and statistically significant, respectively. However, the coefficients of mean annual temperature (tema) are negative and statistically sig- Next, to analyze the long-term production behavior, we can calculate long-term output elasticity with respect to mean annual temperature, using parameters for both the current annual temperature and one-lagged output variable in the dynamic panel data model. the long-term output elasticity with respect to mean annual temperature of rice yields is −0.55, so when the average temperature rises by 1%, the rice production decreases to approximately 0.55% in the long run. 8 This impact is less than the result of the static panel data model. Conversely, the long-term output elasticity of the vegetable and potato yield is −1.20. Accordingly, when the average temperature rises by 1%, the vegetable and potato production decreases to approximately 1.20% in the long run, with an impact exceeding the result of the static panel data model. Therefore, we conclude that farmers tend to refrain from cultivating certain types of vegetables and potatoes in the long run.
Based on the estimated results of the static and dynamic panel data models, for the variable of mean annual temperature, which serves as a proxy for climate change, we found that an increase of one degree reduces the rice yield by 5.8 and 3.9% and the vegetable and potato yield by 5.0 and 8.6% in the short-and long term, respectively.
Conclusions and Challenges for the Future
This study empirically demonstrated the negative impacts of global-warming-induced climate change on Japan's agricultural production. First, a static panel data analysis was conducted for the production function of agricultural products using panel data comprising time-series data from 1995 to 2006 and a cross-section of eight regions in Japan, with weather variables of temperature, solar radiation, and precipitation. Based on the estimation results of the static panel data model of the production function, we selected a production function with only the labor variable and aforementioned weather variables, and found that the rising temperatures and precipitation and decreasing solar radiation caused by climate change had reduced the rice production in Japan. We also found that rising temperatures and precipitation had reduced the vegetable and potato production in Japan. Second, a dynamic panel data analysis was conducted, using a production function for agricultural products, incorporating labor, a one-period lagged output, 8 As the economy reaches a steady state in the long run, its output remains constant over time, namely Q it = Q it-1 = Q i* . Accordingly, we calculate that the long-term output elasticity with respect to the mean annual temperature of the rice is −0. Table 7 . Short-and long-term output elasticity with respect to mean annual temperature and the three weather variables. The estimation result of the dynamic panel data model of the production function demonstrated equivalent results for both rice-and vegetable and potato productions in Japan as the static panel data model. Based on the estimated results of the static and dynamic panel data models, for the variable of mean annual temperature, which serves as a proxy for climate change, it was concluded that an increase of one degree in mean annual temperature reduces the rice production by 5.8 and 3.9% and the vegetable and potato production by 5.0 and 8.6% in the short-and long term, respectively. Finally, we consider topics for future study. The present study found regional differences in the effect of climate change on agricultural production. Apart from Hokkaido, a mean annual temperature increase of 1°C reduced Japan's regional rice production by 3.9-5.8% and that of vegetables and potatoes by 5.0-8.6%, respectively. In future, we intend to construct a dynamic, regional general equilibrium model for nine regions, including Hokkaido. Such a model would identify the impact of global-warming-induced climate change on Japan's agricultural production and regional economy as well as the economic impact of any proposed countermeasures to this problem.
